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SUMMARY 
 
The scantlings of traditional wooden crafts often originate from the extensive experience of designers and boatbuilders. 
With the contemporary regain of interest for historical replicas and timber construction, and the ever-critical necessity to 
minimise displacement, a compromise between the original scantlings and modern structural assessment must be struck. 
The latter heavily relies on rules-based design, driven by formal regulations, though a number of empirical methods also 
exist. Consequently, to assess the comparative structural requirements between traditional small crafts, empirical methods 
and regulatory requirements, case studies will be undertaken on small crafts. Ultimately, the results showcase the 
differences between original specifications, the recommendation of simplified methods, and modern rules, with the latter 
allowing for weight savings. 
 
1. INTRODUCTION 
 
Small crafts have heavily influenced the development of 
humanity, with evidence dating back to as early as the 6th 
millennium BC [1]. Throughout the vast majority of this 
time, the design and construction were unregulated, and 
relied on trial and error. Some of these errors remain 
particularly famous, such as the tragic capsize and sinking 
of the Swedish warship Vasa [2] in 1628, highlighting the 
vital need for sufficient stability and lowering the vertical 
centre of gravity. 
 
The concept of pleasure craft is very recent, with the first 
instances being recorded during the 19th century, ahead of 
the two waves of development experienced in the 20th 
century [3] by the recreational small craft industry. 
 
Firstly, the 1930s benefited from the fast improvements in 
engine power, lower weight and more accessible cost, 
following World War I and the progresses made in the 
automotive industry. Furthermore, as all pleasure 
industries, small crafts were made more popular thanks to 
the introduction of paid holiday throughout Europe. At 
this time, vessels remain small (8/9 m), primarily wooden 
runabouts, and able to reach 30 knots [3].  
 
Later on, the 1960s witnessed the second wave of 
development in small crafts. Thanks to the emerging use 
of composites, large scale production increases, with 
bigger and faster vessels, now featuring accommodation. 
Once again, this was supported by the social developments 
and longer paid holiday across Europe. 
 
Still, small leisure crafts remained unregulated. Larger 
vessels had seen the birth of SOLAS (Safety Of Life At 
Sea) in 1914 [4], following the sinking of the Titanic in 
1912 [5]. But for small vessels, under 24 m in length, this 
would not come until the aftermath of the 1979 Fastnet 
Race [6], where the fleet was hit by a violent storm [7], 
leading to the loss of 15 yachtsmen, 75 capsizes and 5 
sinkings. This triggering event highlighted the vital need 
for strict regulation on small pleasure crafts, including the 
stability and structure of vessels.  
 
In time, this led to the Recreational Craft Directive, 
originally approved in 1994 [8], and prompted the 
development of numerous supporting standards, including 
the ISO 12217 [9] for stability, and the ISO 12215 [10] for 
scantlings. 
 
More recently, the revised Recreational Craft Directive 
(RCD II) [11] resulted in renewed supporting ISO 
standards. Of particular interest to this paper are the 
developments made in the structural regulations [12], 
covering sailing [13], power [14] and commercial crafts 
[15]. Despite some limitation for modern wooden boats 
[16], historical crafts fall under a special regime.  
 
Indeed, as stated in the RCD II [11]: 
 
“This Directive shall not apply to […] original historical 
watercraft and individual replicas thereof designed before 
1950, built predominantly with the original materials and 
labelled as such by the manufacturer.” 
 
In this instance, the compliance is assumed on the basis of 
the success of historical designs. However, with the regain 
of interest for modern replicas [17], new designs inspired 
by historical ones [18], and the application of modern 
yacht design techniques to historic crafts [19], the 
compatibility of historical scantlings with modern rules 
and regulations has become of interest. Consequently, this 
paper will investigate the compliance of scantlings from 
historical crafts in light of the latest structural regulations, 
namely the ISO 12215-5:2019 [20], through the case 
studies of two small vessels. In additional, empirical 
methods for wooden boat scantlings will also be applied 
for comparison purposes. 
 
2. METHODS 
 
Three methods will be employed for scantlings 
determination; two empirical ones, and a formal 
regulation. 
 
First, the method proposed by Gerr [21] will be applied. 
Derived for the study of existing vessels, it offers a very 
simple approach to structural sizes for small crafts, with 
each component being related to a function of the overall 
 
 
size of the vessel, termed scantling number, 𝑆𝑛, and 
defined as: 
 
𝑆𝑛𝐺𝑒𝑟𝑟 =
𝐿𝑂𝐴 × 𝐵𝑂𝐴 × 𝐷
28.32
(1) 
 
Where: 
 
𝐿𝑂𝐴 Length overall (m) 
𝐵𝑂𝐴 Beam overall (m) 
𝐷 Depth of hull (m) 
 
Then, the method developed by MacNaughton [22] will be 
featured. It also expresses the required size of structural 
components as a function of a single input, related to the 
size of the vessel, also termed scantling numeral, but this 
time defined as the cube root of the displacement of the 
vessel (in imperial units): 
 
𝑆𝑛𝑀𝑎𝑐𝑁𝑎𝑢𝑔ℎ𝑡𝑜𝑛 = √∇
3
(2) 
 
Where: 
 
 𝛻 Displacement (ft3) 
 
Lastly, the ISO 12215-5:2019 [20] will be applied. It is to 
be noted that the standard is only recognized for modern 
timber construction (namely strip planking, cold moulded, 
or a combination of both, as well as plywood), but not 
traditional techniques, such as carvel planking. 
 
However, the method will be applied in this instance, as 
the underpinning theory remain very simple (namely 
assumption that a panel may be approximated as a built-in 
be under uniformly distributed load), despite being 
intended for modern construction. It should also be noted 
that it has been suggested cold moulded structures would 
be best analysed in a similar manner as composite 
laminates [23], i.e. in a ply-by-ply analysis, as opposed to 
a quasi-isotropic one. 
 
3. CASE STUDIES 
 
3.1 THAMES A RATER 
 
The historical Thames A Rater class saw its birth in the 
late 19th century [24], and while the vessels still feature the 
same original wooden hulls [25], significant technological 
advances have been made over the years to keep the class 
competitive [26]. This led to a number of recent studies 
[19, 27, 28] focussed on performance optimisation, as well 
as characterisation of original designs, such as Scamp, a 
1902 Linton Hope design, reproduced from the original 
linesplan [29], and presented in Figure 1. 
 
 
Figure 1: Replica of the Scamp linesplan [29]. 
 
The modern developments in rig and sail designs, added 
onto the original timber hulls, can be seen in Figure 2, 
comparing the A Rater Vagabond over 100 years apart. 
 
 
Figure 2: Rig in 1907 (left) [28] and 2014 (right) [28]. 
 
3.2 DARK HARBOR 17.5 
 
Designed in 1908 by B. B. Crowninshield [30], the Dark 
Harbor 17.5 is a traditional day sailor, with well 
documented plans and scantlings [31], and depicted in 
Figure 3 and Figure 4. The design has also benefited from 
recent interest with the aim of developing a modern replica 
[17, 32], shown in Figure 5, better suited to today’s 
market, while also incorporating a more advanced 
construction method.  
 
As such, it would no longer fall under the pre-1950 
exemption in terms of regulatory compliance, hence the 
interest in the required scantlings for this vessel under 
current rules. 
 
Figure 3: Structure of the Dark Harbor 17.5 [31]. 
 
 
Figure 4:  Sail plan of the Dark Harbor 17.5 [31]. 
 
 
 
Figure 5: Original Dark Harbor 17.5 (top) [31] and 
modern replica (bottom) [32]. 
 
3.4  HYDROSTATICS AND SCANTLINGS 
 
For the case studies under consideration, the main 
hydrostatics, together with the resulting scantling numbers 
(in accordance with both Gerr’s [21] and MacNaughton’s 
[22] definitions) are presented in Table 1. 
 
It should be noted that, although both labelled ‘scantling 
numbers’, there is no relationship between these two 
quantities across both empirical methods. Consequently, 
the quantitative differences in their values are of no 
importance at this stage. 
 
Table 1: Main hydrostatics and scantlings numbers. 
 
Parameter 
A Rater  
(Scamp) 
Dark Harbor 17.5 
LOA (m) 8.28 7.92 
Lwl (m) 5.17 5.34 
BOA (m) 1.90 1.91 
Bwl (m) 1.64 1.84 
D 0.47 0.86 
∇ (m3) 0.548 1.513 
∇ (ft3) 19.35 53.43 
SNGerr 0.26 0.46 
SNMacNaughton 6.45 17.81 
 
4. RESULTS 
 
Empirical methods typically suffer from a number of 
limitations; these include: 
 
 An absence of consideration for the timber 
species considered, and therefore the mechanical 
properties of the material. 
 There is no allowance for the design pressure 
applied to the craft, which would vary with the 
vessel’s speed, but also operating profile (eg: 
inland versus offshore craft). 
 The actual geometry of the panel, in terms of its 
size and curvature, are not accounted for. 
 
There are therefore flaws in empirical methods, which do 
however benefit from a level of simplicity far greater than 
that of regulatory requirements, and thus often found their 
use restricted to the very early stages of the design. 
Furthermore, no technical background is provided for 
these methods. Ultimately, this yields very inconsistent 
results, that widely diverge from the actual scantlings of 
the vessels, as presented in Table 2. 
 
Table 2: Comparison of the main scantlings. 
 
Method Scantling 
A Rater 
(Scamp) 
Dark 
Harbor 17.5 
Gerr 
Planking 
thickness (mm) 
11.0 13.8 
Square frame 
(mm) 
20.3 25.5 
Frame spacing 
(mm) 
179.2 208.7 
Mac 
Naughton 
Planking 
thickness (mm) 
24.6 67.9 
Square frame 
(mm) 
41.0 113.1 
Frame spacing 
(mm) 
245.7 678.6 
Actual 
Planking 
thickness (mm) 
7.9 19.1 
Square frame 
(mm) 
12.7 22.2 
Frame spacing 
(mm) 
152.4 203.2 
 
 
 
In comparison, the ISO 12215-5 [20] addresses the major 
limitations of the empirical methods. Firstly, the planking 
thickness is derived from a simplified structural analysis, 
assuming the panel as a built-in beam under uniformly 
distributed load, thereby providing some technical 
background. The plating thickness under this small craft 
regulation is given by Equation 3: 
 
𝑡 = 𝑏 × 𝑘𝑐 ×√
𝑃 × 𝑘2𝑏
1000 × 𝜎𝑑
(3) 
 
Where: 
 
 𝑡 Thickness (mm) 
 𝑏 Panel’s short side (mm) 
 𝑘𝑐 Curvature coefficient (-) 
 𝑃 Pressure (kN/m2) 
 𝑘2𝑏 Aspect ratio correction factor (-) 
 𝜎𝑑 Design stress (N/mm
2) 
 
While more complex in its formulation, and requiring a 
higher number of inputs, this equation accounts for: 
 
 The panel’s geometry, in terms of its physical 
size (𝑏), curvature (𝑘𝑐) in both the longitudinal 
and transversal directions, and aspect ratio (𝑘2𝑏). 
 The pressure (P), which varies with multiple 
factors, including the design category of the 
vessel (inland, inshore, offshore and ocean), and 
the longitudinal position along the length of the 
vessel. 
 The mechanical properties of the actual timber 
species considered, and building on a wealth of 
previous research for various timbers [33, 34, 35, 
36, 37, 38]. 
 
While a strict comparison cannot be undertaken between 
all methods, the application of regulatory rules to 
traditional craft consistently yields far lower structural 
requirements, whether for the planking or framing. This is 
supported by the number of recent investigations into 
modern replicas and novel structural designs, that 
routinely achieved structural weight savings [17, 19, 28]. 
 
Despite the impossibility to generate like-for-like 
comparison between the actual scantlings, those advised 
by empirical methods, and those required by modern 
regulations, very clear results were yielded. With too 
many limitations, empirical method over-structure 
historical crafts (which may already be deemed over-
structured by today’s standards), particularly small 
inland/inshore ones. Conversely, vast weight savings can 
be achieved under the ISO 12215-5, which should 
therefore be considered, where applicable, even for 
historical crafts that may be exempt from regulatory 
compliance due to their design dating back prior to 1950 
and constructed primarily as per the original vessel 
specifications. 
 
5. CONCLUSIONS 
 
This paper used two historical crafts, namely the Thames 
A Rater and the Dark Harbor 17.5, as case studies to 
comparatively assess the relevance of empirical scantlings 
methods and contemporary rules and regulations.  
 
With vastly higher structural requirements, empirical 
methods may find there place in very early design stages, 
but did not prove suitable to determine the required size of 
structural components. These methods suffer from their 
simplicity, and do not allow to capture all the necessary 
aspects of a craft and its operation to yield relevant 
scantlings. 
 
On the other hand, thanks to the lower structural 
requirements of the ISO 12215-5, weight savings could be 
achieved on historical crafts. This is particularly 
important, as the fit out of these vessels in modern days 
tends to be far heavier than originally, due to the addition 
of engine, batteries, life-saving equipment, etc… 
 
Remembering that crafts designed before 1950s and built 
in accordance with the original scantlings are exempt of 
regulatory compliance, this paper demonstrates that there 
is a strong benefit in complying with modern standards. 
Consequently, it would be advised to investigate this 
option, which may also provide further consumer 
confidence in the reliability of the vessel. 
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